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Abstract 
Images of mathematics are important elements for knowing about students’ knowledge on mathematics and 
mathematics learning. Such knowledge is shaped by students through various activities and different experiences 
throughout their lives, including experiences involving mathematics education. Hence, this paper discusses the 
general views of images of mathematics held by students of the Diploma in Actuarial Sciences program at a public 
higher education institution. Almost 200 students from the first to the fifth semesters were involved in this study. 
Data were collected through a questionnaire. Many matters related to the students’ images of mathematics teachers, 
views of the nature of mathematics, and metaphors related to mathematics are discussed in this paper.  
 
© 2010 Elsevier Ltd. 
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1. Introduction 
 
Images of mathematics are important elements for knowing about students’ knowledge on mathematics and 
mathematics learning. This knowledge is shaped by the student through various activities and different experiences 
throughout their lives, including experiences involving mathematics education. Mathematics education in Malaysia 
involves preschool level until university level. One of the levels in mathematics educations that some students must 
undergo is the diploma level implemented by several higher learning institutions all over the country. Among the 
diploma programs offered by public higher learning institutions is the Diploma in Actuarial Sciences. The program 
objective is to produce graduates who are skilled and knowledgeable in evaluating and describing various issues and 
problems related to retirement schemes, pensions and social security schemes (Diploma Programme in Actuarial 
Sciences, 2008). Hence, this program is expected to have certain influences in shaping the images of mathematics in 
the students involved. 
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Of late, studies on images of mathematics have garnered wide attention. These studies encompass images of 
mathematics and mathematicians held by adults (Goodwin, 2007; Lim, 1999; Nik Azis, 2009; Noyes, 2006; Rensaa, 
2006; Sterenberg, 2007; Utley & Showalter, 2007) and students (Atallah, 2003; Bessoondyal & Gribble, 2007; Chen 
& Arvold, 2003; Howard & Perry, 2005; Koester, 2000; Lim, Fatimah, & Tan, 2003; Picker & Berry, 2000; Wong, 
Kaur, Koay, Zaitun, Romaizah & Jamilah, 2007). Among others, previous studies have found that the teacher factor 
is a key factor in shaping the attitude and beliefs of students regarding mathematics and mathematics learning (Chen 
& Arvold, 2003; Goodwin, 2007; Lim, 1999; Picker & Berry, 2000). Besides that, the differences in images of 
mathematics held by students were found to be related to approaches to mathematics learning, students’ experiences 
while learning mathematics, and evaluation of their achievement (Wong, Kaur, Koay, Zaitun, Romaizah & Jamilah, 
2007). 
 
Furthermore, Furinghetti (1993) stated that mathematics is a discipline that has unique characteristics whereby the 
discipline may be loved or hated, be understood or misunderstood, but everybody has some mental image of it. In 
addition, Rock and Shaw (2000) explained that if the images held by the students regarding mathematics and 
mathematicians showed they perceived mathematics as an unattractive subject, the process of mathematics 
education will become more challenging.  
 
Specifically, this paper focuses on three matters related to Diploma in Actuarial Sciences students’ conception of 
mathematics, namely images of mathematics learning, metaphors related to mathematics and  views  of the nature of 
mathematics. In this study, the definition of images of mathematics refers to the mental representation or personal 
image of a person about mathematics. In general, the term can include oral representations, and graphical 
representation (figurative), and linguistic representation (metaphor), and may be associated with beliefs, opinions, 
feelings, emotions, and individual attitudes towards mathematics and mathematics learning  (Nik Azis, 2009). In this 
case, the visualization of the role of students studying mathematics in the context of classroom learning is expressed 
through the creation of linguistic representation, graphics, or drawings, and explanations of the representations are 
expected to help in understanding the nature of mathematics learning among the participants.  
 
Further, the term metaphor refers to the situation in which the words usually used to indicate an item are used to 
indicate other things. This situation involves implicit comparison. What is described is known as the target, while 
the words used to describe the matter are known as the source.  In other words, metaphor is a form of speech with 
one word or expression that indicates the nature of things or ideas literally used to substitute other words or phrases 
to suggest similarity or analogy between them (Nik Azis, 2009). According to Presmeg (1998), any metaphor that is 
shaped by an individual consists of similarities and differences between things that are related. For example, in the 
metaphor of “tool related to mathematics is a pencil”, a person may be able to identify many similarities and 
differences between “mathematics” and “a pencil”. For this study, the metaphor chosen by the participants through 
some multiple choice questions in the questionnaire is at least in certain aspects influenced by their experiences. As 
such, it reflects the elements of their personal history. Hence, the term conception refers to the the abstraction of 
generalizable patterns from perceptions and sequences of mental operations (Nik Azis, 2009).  
 
This study that identifies metaphors and images is considered to provide information on matters related to 
mathematics, and the role of mathematics teacher in the classroom context. However, by themselves, metaphors and 
images do not reflect the perspective of students as a whole. Thus, this study is considered to give some contribution 
to the effort to develop a holistic conception of mathematics from the perspective of students.  
  
2. Methodology 
 
This study used the survey design and data were collected through questionnaires. Questionnaires were distributed 
to diploma students from the first semester to fifth semester who are currently enrolled in a Diploma in Actuarial 
Sciences course in a public higher learning institution. Questionnaire design was adapted from several previous 
studies (Goodwin, 2007; Nik Azis, 2008, 2009; Rokiah, 1998). This questionnaire provided data such as personal 
information, metaphors related to mathematics, source of mathematics, characteristics of mathematics, and images 
of learning mathematics. Questionnaire on background information involved personal data, such as semester of 
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study, age, gender, career interest, grade in the Certificate of Education, interest in mathematics and Diploma in 
Actuarial Sciences program and the average time learning mathematics and other subjects outside of class time. 
Table 1 shows some background information such as current semesters and the number of participants in each 
semester, and the career of great interest to participants and the number of participants interested in specific  careers. 
The questionnaire on metaphors related to mathematics consists of four questions in which the participants were 
asked to indicate their choice as much as possible. The first question focused on activities related to mathematics, 
the second focused on instruments related to mathematics, the third focused on professions related to mathematics, 
and the fourth question focused on elements related to mathematics.  
 
Next, the questionnaire items on the nature of mathematics involved questions about the sources and characteristic 
of mathematics. Questions on the source of mathematics consisted of four items in which participants were asked to 
state their views on the five-point Likert scale from strongly disagree to strongly agree on the statement given. 
Questions on the characteristics of mathematics consisted of four items in which participants were asked to state 
their opinion by marking on a line continuum of their choice.  
 
For the images of mathematics learning, participants were asked to draw a picture about their experience while 
learning mathematics. The picture or figurative representation should depict what the participant is doing. After 
finishing the drawing, participants were asked to explain in words all the important points they wanted to convey in 
their drawing (Bishop, 2007, Picker & Berry, 2000). Details of the questionnaire related to the images formed while 
learning mathematics were developed by the researcher and refined following a pilot study. Finally, the 
questionnaire data were analyzed quantitatively. 
 
Table 1. Background Information 
 
Characteristic  Type and Frequency  
 
Semester of Study          
 
 
 
Profession preferred 
 
                                                         
  
 
 
First (86); Second (23); 
Third (36); Fourth (8); Fifth (45) 
 
 
Actuarist (106); Educator (15); 
Entrepreneur (11); Mathematician (9); 
Bank officer/Financial analyst (12); 
Accountant/Economist (13);  
Others (34) 
 
3. Findings 
 
Nearly 200 participants answered the questionnaire and of these 40% were male students and 60% were females. 
Participants’ age ranged from 17 to 22 years with 50% of them aged 19 years and above. As a whole, the grades for 
all subjects in the Sijil Pelajaran Malaysia (Malaysian Certificate of Education) of the participants were between 1A 
to 12A with 50% of them achieving 6A and above. The highest achievement by male students was 10A with 50% 
achieving 7A and above, while the highest achievement by the females was 12A with 50% attaining 6A and above. 
 
3.1 Images of Mathematics Teachers 
 
Data on images of mathematics learning were analyzed in the context of images of mathematics teachers in the 
classroom and this involved drawing by 54 participants. Data on the images of mathematics teachers were categories 
into five main areas, namely gender, orientation, appearance, age, and representativeness (Table 2). Figure 1 to 4 
show examples of drawings of the participants on images of mathematics teaching. In the area of gender, 18% of the 
drawings were images of women teachers, 6% showed male teachers, while 76% of the drawings do not show 
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gender differences. The data showed that gender of teachers is not an important factor in the formation of images of 
mathematics teachers. 
In the aspect of orientation, 67% of the drawings showed teacher-centered approach (see Figure 1), 4% drawings 
show teacher and student-centered approach (see Figure 2), 22% of drawings show a picture of students learning 
mathematics without teacher (see Figure 3), and 7% of the drawing shows a picture of teachers teaching without 
students (see Figure 4). Next in terms of appearance, in the case of teacher-centered approach, 16 drawings show the 
student-friendly teacher, while 21 drawings show the teacher where the student-friendly aspects are not highlighted. 
In the case of teacher and student centered approach, one drawing displays student-friendly, while another drawing 
shows a teacher without student-friendly features. Finally, in the case of teachers teaching only displayed in a 
picture, only one drawing displayed a student-friendly teacher. Meanwhile, three drawings show the characteristics 
of teachers without warmth. Overall, in the 42 drawings that show pictures of teachers, 31% drew teacher-friendly 
pictures of students, in which warmth is marked by a smile. In addition, in the case of pictures showing students 
only, three drawings show a picture of the smiling students, while nine drawings show the characteristics of students 
with no warmth. 
 
From the aspect of age, 44% of participants depicted teachers in the age range of late twenties; none of the 
participants drew untidy teachers in terms of attire or hair control. From the aspect of representation, almost all 
(98%) participants drew pictures of people to represent students, while 42 participants (78%) drew pictures of 
people to represent teachers. The remaining 12 participants (22%) drew pictures of students without teachers, just 
drawing pictures with whiteboards on which were written a few mathematical symbols. 
 
Table 2. Images of Mathematics Teachers in the Classroom  
 
   
 Gender  Orientation                      Total 
  Teacher 
centered    
No Student 
 
No  
Teacher 
  
     Centered on 
 Teacher and Student 
 
  SF*       NS        SF       NS      SF     NS        SF       NS  
 
Male 
 
          
 3 
 
 
   
                        3(6%) 
Female 
 
             9          1                        10(18%) 
Not   
Stated  
 
             4      20           1         3                12                       1          41(6%) 
Overall                36(67%)      4(7%)      12(22%)        2(4%)             54(100%) 
 
 
x SF= Student friendly (smiling), NS= Not shown.  N= 54 
x  
 
 
 
                                                                 
                                            
 Figure 1:  Drawing by a male student in the fifth 
semester 
  Figure 2: Drawing by a male student in the first 
semester.          
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3.2 Metaphors Related to Mathematics 
 
Data for metaphors related to mathematics in the questionnaires provided information on the views of participants 
regarding what represents mathematics. The findings found no significant differences by gender for the four 
questions explored. The majority of participants (82%) chose solving riddles as a metaphor for doing mathematics 
activities (see Figure 5). For metaphors regarding instruments related to mathematics, almost all participants (98%) 
chose the calculator (see Figure 6). For metaphors regarding professions related to mathematics, bank manager was 
the preferred choice for the majority of participants (95%) (see Fig. 7). Lastly, for metaphors regarding elements 
related to mathematics, almost all (94.5%) participants chose number (see Fig. 8). The above findings differ from 
that of other studies such as Lim (1999), Bozik (2002), and Atallah (2003).  Although the differences may be 
attributed to contextual factors (e.g., participants differ in terms of demographics, field of study, learning 
experience, and type of educational institution), they raise several questions requiring further investigation. 
 
     
 
0.0% 20.0% 40.0% 60.0% 80.0% 100.0% 
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 Pencil 
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Male Female  Figure 6 : Instruments related  
                  to mathematics 
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Figure 5 : Activities  related to mathematics 
Figure 3: Drawing by a female student in the third   
              semester. 
Figure 4: Drawing by a male student in the  
                 first semester   
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3.3 Nature of Mathematics  
Data related to the source and nature of mathematics in the questionnaire provides information on participants’ 
views on the nature of mathematics. Table 5 shows the responses to four statements about the source of 
mathematics. Figure 9 shows the responses to four items related to the characteristics of mathematics such as truth, 
concreteness, origin and the importance of mathematics. Based on Table 3, participants seem to agree with the 
statement that assumes knowledge of mathematics as part of the contents of the universe and such knowledge is 
constructed by human through sensory experiences (empiricist). Participants also seem to agree with the statement 
that assumes knowledge of mathematics as part of the contents of the universe and such knowledge is inherent in 
human thinking (rationalism). In addition, participants agree that knowledge of mathematics comes from God and 
such knowledge is constructed by human based on their thinking, their sensory experience and guidance from God. 
 
Table 3. Source of Mathematics 
 
                     Assumption  Mean* SD 
To me, knowledge of mathematics is part of the content of the 
universe and such knowledge is discovered by human through 
sensory experiences 
 
4.01 
 
0.84 
 
To me, knowledge of mathematics is part of the content of the 
universe and such knowledge is inherent in the human thinking. 
 
3.52 
 
1.07 
 
To me, knowledge of mathematics comes from God and such  
knowledge is constructed by humans based on their thinking, 
sensory experiences and guidance from God. 
 
4.25 
 
0.95 
 
To me, knowledge of mathematics does not come from God but is 
constructed by man based on his thinking and specific experience 
only. 
 
2.07 1.28 
               * Scale is from highly disagree to highly agree ( 1= highly disagree, 2= disagree,  3= unsure,   
                  4= agree, 5= highly agree);  N= 198 
 
 
0.0 20.0 40.0 60.0% 80.0% 100.0% 
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Equation 
  Art 
Music 
 Male Female 
Figure 8: Elements related to mathematics.      
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Figure 7:  Professions related to mathematics. 
 Lorry driver 
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Based on Figure 9, more than half (57%) of the participants considered mathematics is true in some situations, while 
less than half (34%) participants considered mathematics is true in all situations. In the aspect of concreteness, most 
(32%) participants consider mathematics may be reflected in a concrete way, while some (32%) participants 
considered mathematics can be described in concrete terms. Next, in terms of origin, almost half (44%) participants 
considered part of mathematics is created by man, while nearly one-fifth (23%) of the participants consider 
mathematics as created by man. Finally, the majority (84%) of participants consider mathematics as very valuable. 
In the questionnaire, participants are not asked to specify the purpose of the five items related to the characteristics 
of mathematics. However, one conclusion drawn from the findings is that participants had different views about the 
truth of mathematics. For example, half of them view that mathematics is discovered by man through experience, 
while some regard it as something constructed by humans. 
 
4. Discussion and Conclusion 
 
The study examined the conception of mathematics held by students of the Diploma in Actuarial Sciences program. 
In this case, some general matters relating to the images of mathematics teachers, nature of mathematics and 
metaphors related to mathematics held by nearly 196 students of Diploma in Actuarial Sciences program have been 
identified. Here are some findings about the images of the mathematics teacher held by the students:  
 
 
 
TRUTH 
 
 
 
 
 
 
 
 
CONCRETENESS 
 
 
 
 
 
 
 
ORIGIN 
 
 
 
 
 
 
 
IMPORTANCE 
 
 
 
 
 
   
  
 
 
Figure 9: Characteristics of Mathematics 
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1. Gender is not an important factor in the formation of images of mathematics teacher by the diploma students.  
For example, although 60% of the participants who drew images of mathematics teachers were girls, only   
18% of drawings show female teachers.  
2.         The majority (76%) of drawings on mathematics teachers did not show gender differences.  
3.         More than half (67%) of the drawings on mathematics teachers shows teacher-centered approach.  
4.         Some 31% of drawings on mathematics teachers display student-friendly teacher. Friendship is marked by a   
 smile.  
5.         Less than half (22%) of drawings on mathematics teachers do not involve pictures of people but pictures of a    
whiteboard.  
6.         Almost half (44%) of drawings of mathematics teachers were drawings of individuals in their late twenties. 
None of the drawings show untidy teachers.  
 
In particular, research on the drawings and explanations made by the Diploma in Actuarial Sciences students allows 
us to develop ideas about their self-perception of the role of a teacher during the teaching of mathematics. Regarding 
the image of mathematics teachers who are teaching in the classroom, the study found that the drawings of most 
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participants showing the teacher, did not show gender differences. This finding is interesting because although the 
majority of the participants consisted of girls, gender is not an important factor in the formation of images of their 
teachers. In general, the participants’ drawing did not reflect the actual gender of mathematics teachers or the gender 
of the students themselves. These findings differ from findings of Bessoondyal and Gribble (2007) who found that 
the images formed by the students about their mathematics teachers reflect their teachers, including the gender of the 
teacher. 
 
The emphasis in mathematics education for all academic programs at institutions of higher learning in Malaysia, 
including the Diploma program is based on the use of a dominant model of teaching and learning, namely 
behaviorism. Behaviorism is developed in the mold of philosophical realism and empiricism. It promotes a teacher-
centered teaching approach in which the relationship between teachers and students is in the authoritarian form. In 
this case, the student is described as an empty glass to be filled with knowledge and specific skills, while the teacher 
is responsible for organizing the classroom, consisting of a collection of empty glasses to be filled. Thus, in terms of 
teaching, this study found that over half the participants’ drawing on mathematics teaching in the classroom or 
lecture room showed the teacher-centered teaching approach. In the aspect of warmth, a large number of participants 
drew friendly and neatly attired mathematics teachers. However, the findings of this study differ from findings by 
Picker and Berry (2000), and Rock and Shaw (2000). Among others, they found that the students’ images of the 
mathematician were a bald-headed man or one whose hair is not managed. 
 
Next, in terms of the nature of mathematics, this study shows that the participants’ views are varied. For example, 
some consider mathematics as part of the universe and discovered by people through sensory experiences 
(empiricist). Empiricist ideology supports the view that mathematics is the result of empirical experience and 
concrete. In the meantime, there are also those who consider mathematics as knowledge inherent in human thinking 
(rationalism). This belief supports the view that knowledge of mathematics had long existed naturally in the human 
mind in a latent form of the essence. This knowledge is then transformed into reality through the process of rational 
thinking. In short, mathematics is centered on the mental ability of humans. In addition, the study found that some 
participants consider that mathematics comes from God and the knowledge is built by human based on their 
thinking, their sensory experience and guidance from God (integrated universal view). Integrated perspective or the  
holistic perspective is predicated on a perspective of faith and devotion to God. According to the integrated 
universal approach, mathematics comes from God, and an individual construct his or her own mathematics. 
Therefore, mathematics is related with God and man, or simply mathematics is centered on the Creator. In general, 
in the context of the nature of mathematics, participants’ views were found to vary according to specific 
perspectives, such as material-oriented perspective and the God-oriented perspective. Finally, in terms of metaphors 
related to mathematics, the details of the study are as follows: 
 
• Majority (82%) of the participants choose mathematics activities as similar to solving a puzzle.  
•  Almost all (98%) participants choose a calculator as a tool in connection with mathematics.  However, less  
      than half (48%) of participants choose the computer as a tool for research related to  mathematics even  
though  a large number of mathematics courses offered in the Diploma in Actuarial Sciences program 
involves the use of computer technology such as application of Maple in mathematics learning (Curriculum 
Diploma in Actuarial  Sciences Program, 2000). 
• Majority (95%) of the participants choose the bank manager as a profession related to mathematics.  
• Majority (95%) of the participants select number as an element or item related to mathematics.  
 
In this study, it is still too early to compare the collection of data on metaphor related to mathematics selected by the 
participants in the questionnaire with any of the properties owned by a number of philosophical perspectives of 
mathematics education. This is because the questions related to the metaphor of mathematics presented in the 
questionnaire were in the form of multiple choices and were limited to some specific options. Although the 
participants had the opportunity to express an alternative to all four questions about metaphors related to 
mathematics, the majority of the participants did not do so. In this case, if any reliance is made only on direct 
comparison such as “Doing mathematics activity can be compared to solving a riddle” by not taking into account the 
participants’ regarding the meaning of the metaphor, this might lead to unwarranted conclusions. Kittay (1987) 
Roselah Osman et al. / Procedia Social and Behavioral Sciences 8 (2010) 219–227 227
asserts that the metaphor has a specific cognitive meaning and not just the literal meaning. In conclusion, analysis of 
images and metaphors in this study only provide some surface information about certain things. However, whatever 
happens, the information obtained through a questionnaire relating to the images and metaphors held by the 
Diploma in Actuarial Sciences students can provide a glimpse of the development of their conception of 
mathematics and mathematics learning. 
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